Indonesia is the largest archipelago in the world, so it has much territory that the quality of the source water is not qualified as mixing water in construction. Besides, construction of concrete in areas that are likely quantity of water or fresh water is very minimal or even nothing then the sea water cannot be avoided in mixing concrete. This research was an experimental study, the samples for compressive strength test are cylindrical premises size of 10 mm×20 mm. The porosity relation, compressive power, age and model of porosity relationship with SCC concrete compressive strength which using sea water is discussed in this paper. Compressive strength testing is following the standard ASTM 39/C 39-99. Universal Testing Machine (UTM) was used in the testing of compressive strength. Test specimen for porosity created by taking part of the cylinder and then slashed with a size of approximately 2 cm×3 cm with a 0.003 mm thick. The type and pore size and porosity were analyzed by using a polarizing petrography microscope Olympus BX 51-P. The result of research was increased the compressive strength and density of microstructures in line with the decrease in porosity and pore size of concrete and concrete age. Compressive strength relations (σss) and porosity (pss) the SCC used sea water can be approximated equation σss = σo (1-p)K, with σo = 119.6 and K = 7.502.
Introduction
The largest archipelagic state of world is Indonesia which has an area of 1,904,569 km2 with a number of islands as much as 17,508. Indonesia is an archipelago, so it's many areas with the quality of water resources is not qualified as mixing water in construction. Construction of concrete construction in areas that are likely quantity of fresh water is very minimal or nothing, then the sea water cannot be avoided in the concrete mixing and maintenance.
The United Nations estimates that in 2050 the world will get an additional population of about 3.5 billion, with the largest growth in developing countries that have experienced in a water crisis. In addition, more than half of the world population will not be able to get enough drinking water. Increasing infrastructure development is in line with the needs of clean water more and more. In the concrete industry, several billion tons of water used in mixing the earth as water, curing and cleaning water every year, where sea water has not been used for such things. For that reason, study of freshwater savings is very seriously needed. The use of sea water, the percentage is 97% from the total water on Earth, is absolutely necessary. In the near future, water will be very difficult to obtained and limited and also he revealed that today, there are some areas where sea water or sand containing chloride is used as a water / material mixing with or without intention [1, 2] . Previous research regarding use of sea water as the mixing water in concrete, the mixing of sea water on concrete using Blast-Furnace Slag Cement (BFS) produce the Friedel's salt and the total pore volume decreased and the strength increased compared to freshwater [1] [2] [3] . The presences of chloride accelerate the development of early age strength of concrete with slag until about 7-14 days [4] . After this age, there is a distinct disadvantage on the strength of concrete with chlorides but the reduction of the strength was not significant. The presence of super plasticizer on Self Compacting Concrete (SCC) showed of the microstructure was denser and microcrystalline calcium silicate hydrate (CSH) as the main product of hydration with sheets of calcium hydroxide (CH) [5] . Sea water and sea sand as a material in concrete SCC does not decimate the strength of concrete [6] . Research of SCC using seawater, sea water does not reduce the strength of the SCC up to the age of 90 days but seawater will accelerate the increase in the strength of concrete at early age. Then, the use of sea water as the mixing water in concrete was qualified as workability SCC and the higher mechanical properties compared to fresh water, especially at ie early age of 1 and 3 days [7, 8] . A decrease the porosity in line with the improved quality of the microstructure phase tobermorite (CSH), portlandite (CH), Friedel's salt and ettringite [9] Porosity is a measure of the spaces between the material and a fraction of the volume of empty space of the total volume, which it is a value between 0 and 1, or as a percentage between 0-100%. Porosity depends on the type of material, material size, pore distribution, and composition. In general, that the decrease in porosity in line with the increase in the strength of the solid materials. Assessment of existing models on the relationship between the compressive strength and porosity of the cement material is a linear equation σ = σ -Kp, the power exponential equation σ = σ0(1 -p) K , the exponential equations σ = σ0 e -Kp , logaritama equation σ = K ln(σ0/p) m , with σ is the compressive strength on the porosity p, is the compressive strength at zero porosity, m and K are empirical constants [10] . This paper discusses the relationship of the porosity, compressive strength and age and model relationship of porosity and compressive strength of SCC using sea water.
Material and experiment methods
The material used in the study were Portland composite cement (PCC), sea water, crushed stone, sand and super plasticizer. SCC using sea water used the methods of the European Federation of Specialist Chemicals and Concrete Constructions Systems (EFNARC [11, 12] ). The design used water-cement ratio was 0.35. The mixture composition of SCC using sea water can be seen in Table 1 .
Samples for compressive strength were test cylinder measuring 10 mm×20 mm. Compressive strength testing was following the standard ASTM test standard 39 / C 39M -99 [13] . The tool used in the testing of compressive strength is Universal Testing Machine (UTM). Test specimen for porosity was created by taking part of the cylinder and then slashed with a size of approximately 2 cm×3 cm with a thickness of 0.003 mm. Pores types and pore size of porosity were analyzed by using the tool petrography polarizing microscope Olympus BX 51-P. 
Result and Discussion
The test results of pore size, porosity and photo micrographs using petrography tool can be seen in Table 2 and Fig.  1 . Analysis on thinly slice of the SCC using sea water, there are two kinds of pores were observed i.e. inter granular pore and pore isolated as can be seen in Fig. 1 . The two types of isolated pore size and inter granular pore of SCC were getting smaller with increasing age. Inter granular pore is pores between the grains making up the concrete and has smaller size than the isolated pore. Isolated pore is a pore that is formed from the initial formation of the sample. Fig. 1(a) showed photo micrographs of the SCC using sea water as the mixing water at the age of 1 day and Fig.  1(b) showed the micrograph photo at SCC that uses sea water as the mixing water at 28 days had a good bond between the matrixes with coarse aggregate. The SCC using sea water aged 1 day had of inter granular pore size of 6.4 to 18.6 μm and isolated pore with a size of 119.8 to 666.6 lm. Pore size at age 7, 28 and 90 days can be seen in Table 2 . Decrease of pore size was in line with porosity. Decrease of pore size and the porosity was in line with increasing age of the SCC. Thus, increasingly of dense microstructure density was in line with decreasing of pore size, porosity and increasing age of SCC concrete.
The results and discussion of the compressive strength of SCC using sea water has been described previously, that increasing compressive strength of SCC was in line with age, In addition, sea water gives increasing effect of SCC compressive strength at an earlier age if it was compared with SCC that using fresh water [7, 8] . Fig. 2 showed curve of the relationship between porosity, compressive strength and age which SCC using sea water had decreasing pore size in line with the increasing age. Otherwise SCC uses sea water had a compressive strength is increasing in line with age. Besides, microstructure and porosity had also been discussed by researchers previously that the density of increasingly dense microstructure in line with the decreasing of porosity. Sea water did not inhibit the formation of tobermorite (CSH), but accelerated the formation of tobermorite was at early age. Seawater as mixing water of SCC had been formed by friedel's salt crystal [9] .
With the regression analysis, curve relationship between the porosity and age of SCC tended shaping curve of power exponential. The equation of porosity relationship pss (%) and age t(day) of SCC using sea water obtained from the analysis can be seen in equation 1.
(1) The increasing quantity of CSH as the main compounds was greatly influence the development of the concrete properties, so that the resulting bond between the matrixes with aggregate getting stronger. Pore or empty space that was originally occupied by water and cement particles dissolve so that the CSH replaced with concrete porosity was reduced. That reaction gave a major contribution to the increase in compressive strength and density of microstructures in line with the decrease in the porosity and pore size well as increasing age of the SCC. As previous studies on the relationship with the phase microstructure porosity, that increasing age with adequate care conditions, so that the quantity of hydration products mainly tobermorite (CSH) resulting from the reaction of three calcium silicate (C3S) and two calcium silicate (C2S) with water (H2O) more increased. Thus increasing quantities of tobermorite (CSH) in line with the increase in compressive strength, density of the microstructure and decrease in porosity of SCC using sea water [9] . Fig. 3 . Curve relationship of compressive strength and porosity of cement based material Fig. 3 showed curve of the relationship between the compressive strength and the porosity solid materials cementbased materials. The experimental results with previous studies had the same predisposition, decreased compressive strength was in line with the increasing of porosity. According by Power's ( that value porosity was different with the results research of SCC using sea water ( , Riskewitch ( , Balshin's (( and Hasselman's ( )). Power Curve models appear to have the porosity greater than the research results of SCC using sea water, models Riskewitch, Balshin and Hasselman.
Results of this research approach the Balshin models, Riskewitch and Hasselman. This happens because of the resulting model was a model from various different material, in other words that the hydration process and microstructure results of different pore sizes would produce the relationship of compressive strength and different porosity. Power's model find the equation of the results of research on the compressive strength and porosity of mortar [14] , Balshin and Riskewitch find models of studies compressive strength and porosity in the ceramic metal [15] and Hasselman proposed equation model compressive strength and the porosity of fire-resistant material [16] .
From the analysis of the results of the research, the relationship between the porosity and compressive strength tended to follow the model of Power's and Balshin, for that curve of compressive strength and porosity following the model σ = σ0(1 -p) m as in Fig. 3 , the next the relationship between the compressive strength (MPa) and the porosity SCC using sea water can be approximated by the equation 2.
(2)
Conclusions
CSH compound is the main compounds which greatly influence to the development of the physical properties and microstructure. The increasing of CSH quantity gave effect to matrix bond with the stronger aggregate and SCC concrete porosity is getting smaller. The improved compressive strength and density of microstructures were in line with the decreasing porosity and pore size of the concrete. Compressive strength relationship and porosity at SCC using sea water can be approximated equation with
